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SUmRY 

Tests were made on a Chandler-Evans I9OO CPB-3 carbaretor 
mounted on a Pratt Whitney R-l330-CU intermediate rear engine sec- 
tion to find the liniting conditions for (l) no icing, (2) icing 
that would not affect engine operation, termed "visible icing and 
(3) icing that would affect engine operation. The criterion of 
icing affecting engir.e operation v^as chosen as a drop in air-flow 
rate of 50 pounds per hour. The limits of air temperature and mois- 
ture content for such Icing, as well as for visible icing, have been 
established at simulated cruising and rated powers for carburetcr- 
air temperatures froin 20^ F to 30^ F and for moistixre contents from 
approximately 25 percent relative hum.idity to free-v;ater injection 
simulating a very he-iv^r rainfall. 

The optimum temperat'ores for removal of ice formed at two dif- 
ferent temperatures were determined for both cruising and rated 
powers over a range of de-icing air temperatures from 55^ F to 13U^ F 
and a range of air-moisture contents from about 20 percent relative 
humidity to a rate of free-water injection of 250 crrams ner minute. 

Results of these tests showed that no visible icing occurred 
above 80*^ F and no icing affecting engine operation, above 70^ F for 
any moistm^e content investigated. At rated-power conditions, no 
icing sul'ficient to affect engine operation within a period of 
5 minutes occurred at relative humidities below 100 percent at any 
temperature t^^sted. At cruising conditions, icing affecting engine 
operation occurred within 15 minutes at relative humidities as low 
as 60 percent and within 3 hours at a relative humidity as low as 
33 percent. 
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The time required to remove ice from an induction system partly 
choked v^ith ice formations was dependent on the wet-bulb temperature 
of the heated air and decreased only a slight amount as the heated- 
air v;et-bulb tem.perature increased above 90^ F. This relation was 
valid for all conditions of icing and engine operation investigated. 
Restoration of normal fuel-air ratio occurred almost simultaneously 
with the recovery of initial air-flow rati. 



INTRODUCTION 

The NACA is carrying cut a research program on aircraft-engine 
induction systems to determine the atmospheric conditions under which 
ice forms in the induction systems, the severity of the icing encoun- 
tered, and means of reducing and eliminating such icing. The resists 
of previous work in this program, are described in references 1 and 2. 

This report is the first in a series of three covering the 
results of an investigation of the icing and de-icing characteristics 
of a Pratt & Whitney R-1350 engine induction system. The research 
was carried out at the National Bureau of Standards under the joint 
sponsorship of the Army, the Navj'-, and the NaCA betvfeen April and 
September 19U5* 

The present report deals with the determination of the limiting 
icing conditions and with research on heated-air de-icing for the 
induction system, which includes a Ghandl(^r-Evans 1900 CPB-3 carbu- 
retor mounted on an R-I85O-CU intermediate rear engine section. In 
both parts of this research, pressure altitudes obtained during the 
tests varied from 7^0 to 2700 feet. Tests avere performed at both 
sim.ulated cruising and simulated rated-power conditions of engine 
operation. 

The second report of the series (reference 3) covers the results 
of a programi to determine the most effective rate and method of injec 
tion of de-icing fluid to remove a he-^vy ice formation from the indue 
tion system. The third report (reference h) covers work on the 
determination of the icing characteristics of the induction system 
with a Bendix-Stromberg PD-12F^ carburetor. 

Three types of icing commonly encountered in carburetors are 

''throttling icing'^ caused by the pseudoadiabatic expansion of the 

carburetor air in the metering Venturis and past the thjrottle edges, 

"fuel-evaporation icing" caused by cooling resulting from the vapor- 
ization of the fuel, and "impact icing" caused by frue water 
striking the induction-system S'orfaces and freezing there when the 
intake-air temperature is below 32^ F. 
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The purpose of the tests of limiting icing conditions was to 
determine the values of carburetor-air temperature and moisture con- 
tent of the intake air at which no icing, either of the throttling 
or the fuel-evaporation type, occurred. Heated-air de-icing tests 
were made to determine the wet-bulb temperature of carburetor air 
required to remove ice from the induction system after it had been 
partly blocked with ice formed under severe icing conditions. 

Acicnowledgement is made to the manufacturers v/hose products 
were used in these tests for their cooperation in supplying parts 
and service. 



APPARATUS 

The altitude laboratory of the National Bureau of Standards in 
which these tests v/ere performed is described in reference 1. A 
standard Chandler-Evans 1900 CPB-3 carburetor mounted on a Pratt & 
Whitney R-I83O-CU intermediate rear engine section constituted the 
induction system tested. Electrically driven constant-displacement 
exhausters v^^ere used instead of the supercharger impeller to induce 
air flow. 

Fuel metering in this carburetor v;as controlled by the differ- 
ential pressure between two rows of impact tubes and a set of orifices 
at the maximum thickness of two streamlined bars running across the 
carburetor and thereby giving a veiituri effect. The fuel was injected 
from a horizontal fuel nozzle bar located at the bottom of the carbu- 
retor directly below the throttles. The air flow was controlled by 
twin butterfly throttles, vrhich turned in opposite directions and 
closed off the air when their leading edges met in the center of the 
carburetor. 

The apparatus used to determine the limiting icing conditions 
(fig. 1) is the same as that described in reference 1 with the 
exception of the air-intake duct, which v/as especially designed to 
fit the induction syst^^m used in these tests. 

The apparatus used in the hoated-air de-icing tests is shown in 
figure 2. An air-intake duct equipped mth an internal flapper 
valve that could be operated to admit either hot or cold air into 
the carburetor was substituted for the intake duct used in the tests 
for the determination of the limiting icing conditions. A bypass 
was placed in the heatod-air duct upstream of the entrance of the 
air-in take duct and connected to the inlet of an auxiliary bloiYer. 
Heated air could bypass or be dra^m tlirough the intake duct as 
desired by proper manipulation of the flapper valve and the three 
slide valves; the first slide valve was mounted in the bypass piping. 
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the second just ahead of the intake-duct entrance in the heated-air 
duct, and the third in the cold-air duct. Use of these valves 
insured that no leakage occurred between the cold-air and the hot-air 
systems . 

Heated-air temperatures vfere controlled by an automatic temp-^.r- 
ature regulator, which operated opDosed-action butterfly valves. 
These valves proportioned the amounts of hot and cold air before 
they were mixed in a plenum chamber at the outlet of the heating unit. 

The humidity of the heated air was controlled by injecting steam 
into the plenum chamber of tne air heater. The locations of this 
steam.- injection point for the control of humidity and the v;ater- 
injection point for the control of free-moisture content are shoTO 
in figure 2. 

Wet-bulb and dry-bulb thermometers located at the carburetor- 
air temperat'.u-e stations shov.Ti in figures 1 and ? vrere used to 
m.easure the humidity and temperature of the carburetor air. 

An ^unleaded fuel of ?5-octane rating was used in all the tests. 
The distillation curve of this fuel obtainea from tests run at the 
National Bureau of Standards is plotted in figure 3 together wi.th 
the distillation curve of 2S-R fuel (Ari-F-23> Amendm.ent-2 , grade 
100/130), v^hich is representative of fuels in current use by the 
military services. 

METHODS Ar'D TESTS 

Two engine pov/er conditions v/ere simulated in each oart of the 
test program., an air-flow rate of UOOO pounds per hoar with a fuel- 
air ratio of 0,070 has been designated simulated cruising pov;cr, and 
an air-flov/ rate of 7'^00 po^onds ner hour with a fuel-air ratio of 
0*100, simulated rated power. The desired air-flow rate was obtained 
by positioning the t.hrottle and operating a variaole bleed in the 
exhaust line to give the carburetor pressure drops required (as deter- 
mined from air-box calibration data furnished by the manufacturer) 
fcr the chosen air-flow rate. The carburetor mixture control was 
manually adjusted to give the desired initial fuel-air ratios but 
during the tests the carburetor automatically metered the fuel for 
air-flov/ changes. 

In neither the lim.iting-icing-conditicn tests nor -ohe heated- 
air de-icing tests was any aLteiript made to vary the pressure altitude 
at the carburetor from, sea-level conditions, but pressure drop in 
the ducting gave pressure altitudes ranging from about 7^0 to about 
2700 feet. 
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Throughout all series of tests, the fuel temperature was main- 
tained approximately between h^^ F and F and the v/ater tem.per- 
ature, between F and UO^ F. This seemingly vn.de range of 
temperatures represents only a small variation of heat input and 
would therefore have little measureable effect on the test results. 

The rate of vvater injection used to simulate rain collected in 
the induction system by an airplane in flight was estimated by 
assuming that the rate of water injection of an airplane is propor- 
tional to the frontal area of the air scoop, the speed of the air- 
plane, and the rain density in the air. It is estimated that an 
airplane with an air-scoop area of hQ square inches flying at a speed 
of 160 miles per hour through air with a rain density of 2 grams per 
cubic meter (moderately heavy rain) would collect rain at the rate 
of about 250 grams per minute. It is recognized that slipstream 
effects, splashing, and peculiarities of scoop design may cause vari- 
ation in water-collection rates in particular airplane installations. 



Limiting-Icing-Condition Tests 

In the tests of limiting icing conditions, the air flow, the 
fuel-air ratio, the carburetor-air temperature, the humidity, and 
the rate of free-water injection were established at the desired 
values for each test. After these conditions were set, the fuel and 
the vrater flows were suspended until it was ascertained that no ice 
was present any^.vhere in the induction system, at which time the 
flows were again turned on and the timing was started. Thereafter, 
at regular intervals, measurements were taken of air flow, fuel flow, 
air pressure v/ithin the duct, carburetor pressiire drop, and 
carburetor-meter ing-suction differential pressure. 

At the end of the test period the exhausters v/ere shut off and 
the ice formation was examined either through the observation windows 
or by dismantling the induction system. In many cases, tha ice for- 
mations Yiere photographed to permit further analyses of the icing 
characteristics of the induction system. 

In the determination of the limiting conditions of visible icing 
and icing affecting engine operation, three series of tests were run. 
The ranges of conditions were as follov/s: 
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(a) 


Length 
of run 
(min) 


Initial 
air flo'N' 
(Ib/hr) 


Initial 
fuel -air 
ratio 


Carburetor- 
air t-^mper- 
ature 

(^) 


I 


1^ 


Uooo 


0.070 


20-30 


IT 


50-180 


Uooo 


.070 


li0-70 


III 




1 7000 


.101 





Series 
(a) 



Carburetor-air moisture content 



Relative [Water in 
humidity {excess of 
(percent) saturation 
( grams/min) 



Total initial 
(lb/lb of air) 



I 
II 
III 



12-1 jO j 0-2^00 
57-39 



61-100 i o-ic;oo 



0.00092-0.0919 
.0051-. 0099 

.00)45-.0U22 



Series I and II, cruising pc'?mrj series III, 
rated po-.-K^r. 



Heated-rtir De-Icing Tests 

The hcated~air de-icing tests were mady by icing the induction 
system until the air flew was greatly reduced by a large ice for- 
mation. At the same value of reduced air flow in every test, the 
air valves were, manipulated to quickly transfer heated air of con- 
trolled temperaV.ire and humidity to replace th'; cold icing air 
previously being supplied to the carburetor. At the change-over and 
thereafter at o'.l-minute intervals observations of air flow and fuel 
flovf were recorded. 

While thrt icing air and the free -■•iter wero being supplied to 
the carburetor through the cold-air duct, the h.^ated air was bypassed 
through the auxiliary blownr at approximately the air-flow rate at 
which change-over would b i made and its temperature and humidity wore 
set to the Valuos desired for do-ic3.ng. When the time for change- 
over approached, ths free ^later used for icing was cut off or reduced 
to one-half as in the runs of one series in which it was desired to 
observe the effect of free water on do-icing by heated air. 

The chosen value of air flow at the change-over point was 
2^,00 pomds p--jr hour because it 7ras observed that a very severe but 
reproducible ice f ormati on resulted from permitting the icing to 
proceed to this point. When the icing was permitted to proceed fur- 
ther, the air flow frequently continued to fall so rapidly within 
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the short interval required for change-over that no recovery was 
possible by means of heated air. Because the test condition used 
represented such severe icings it was expected that, in actual 
flight, corrective measures would be applied long before the air 
flow dropped to 2^00 pounds per hour. The ranges of conditions 
under which the heated-air de-icing tests were made are given in 
the follovring table: 



Series 
(a) 


Initial icing conditions 


De-icing 


conditions 


Air 
flow 

(lb/ 
hr) 


Fuel- 

air 

ratio 


Carburo- 
tor-air 
temper- 
ature 


Water 
injec- 
tion 
(grams/ 
rain) 


Water 
injec- 
ition 
(grams/ 
min) 


Air 

temperatures 


Heat 

content 

(Btu/lb) 


Dry 

bulb 

(°F) 


Wet 

bulb 

(^F) 


A 


Uooo 


0.070 


ho 


$00 


0 


6O-I3U 


56-llU 


25.8-101.8 


B 


7000 


.100 


ho 


500 


0 


72-128 


67-99 


31.5-66.5 


C 


hooo 


.070 


ho 


500 


250 


6^-90 


6S-90 


51.1-57.1 


D 


Uooo 


.070 


25 


250 


0 


69-119 


56-101 


25.8-75.2 


E 


7000 


.100 


25 


Uoo 


0 


71-100 


5U-88 


22.6-55.0 



Series A, C, and D, cruising power; series B and raU^d poy;.3r« 



In addition to the tests made, an attempt was made to de-ice 
the induction system v/ith air of constant relative humidity over a 
rapxge of dry -bulb temperatures; no means v;ere available, hovrever, 
for automatically maintaining both wet-bulb and dry-bulb tempera- 
tures and the proposed tests were therefore abandoned. 



RESULTS AND DISCUSSION 

Limiting-Icing-Condition Tests 

Classification of ice occurrences. - In the determination of 
the limiting icing condi'tions, it was found necessary to classify 
the ice formations viccording to effect because, within the range of 
temperatures and moisture contents investigated, ice of the throt- 
tling, the fuel-evaporation, and the impact types occurred. The 
term ''no visible icing'* is self explanatory* The ice formations 
classified as visible icing v:ere those not sufficiently large to 
cause a drop in air-flow rate of ^0 pounds per hour vrLthin the test 
period. Such an ice formation is shovm in figure U. When the 
original air flow was reduced by ^0 po^inds per hour or more within 
the period of the test, it was assumed that the ice formation would 
affect engine operation because, although the resulting povrer loss 
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in an engine might be negligible, an ice fornation large enough to 
produce such a drop mi-^ht affect mixture da str ibution and cause 
uneven firing in sone of the cylinders. Icinr.; that affected engine 
operation may be senn in figures 6, and 7. 

Location of ice formations. - I'ost :)f the ice formations 
resultTnr from fuel evaporation accumulator on the -t/iri-ing vanes or 
on the boss that encio^-^od the impeller-rhaft beariaf/^ (Je^- figs. 5, 
6y and ?.) In many of the runs, however, ice f -.u ii'ed on tlie fuel 
nozzle bar and on the under side of the dual throttles. These fcr- 
m.a + icns vfpr^ cr.used by a combination of fuel-evaporation and tlx'ot- 
tling cooling. 

Fseudcadiab-ntic ext:ansion of the a:r stream through the metering 
Venturis and the thrcttle openinp.s condensed Vvater from the air 
stream and sliphtly cooled adiacent metcil parts.. The water froze on 
the throttle plates aid on tne othnr Re'.al parts that had been fur- 
ther cooled by evapor iting fuel lifted i-p under the tlirottles by the 
turbulence in their wake (fig. ^(b'')« 

Effect of icinrr on fu^.l-air rrrtio. - In ^11 the tests in which 
ice fcrEeTTelxJTF^ streamlined venturi bars, 

the fuel-ail' rf:tio did not vary from the carburetor calibration 
curve (fig. 8) by m.ore than 2.^ percent. ^/Vhen the icing v/as allowed 
to reduce the air flow to the idling ranire, however, the variation 
became r-s much as 10 pe^'cent leaner than the calibration-curve 
values (fig. 9). Th.is ^-ider variation was not believed to have been 
caused b;/ the icing but oy instrumental errors that increased at low 
air and fuel flows. 1Wie."i ijnpact ico formed on the impact tubes and 
on the venturi bars, however, the metering suction differential was 
disturbed, thereby causin;^ the fuel-air ratios to become as high as 
0.1^.0 (fig. 10). 

li miting icing conditio ns. - Tabln I presents the results of 
all the tests of limiting icing conditions. These results are sho-m 
In figures 11 and 12, together witr; curves of relative humidity and 
rate of v;ater injection In excess of saturation. The red bands 
straddling the curves of limiting icing conditions designate the 
possible variation. 

The lim.its of visible icing at cruisinr conditions are sbjwn by 
the upper dashed curve- in fif?;ure 11. Th? maximum temperature at 
which icing was observed over the ran^oe of ^yvater contents tested ^vvas 
dO^ F. Directly beneath the limit of visible icing lies the limit 
of icim* affecting engine operation ^ah thin ^) hours. This region 
ext'^nded to 70^ F and to relative humidities as low as 58 percent. 
Many of the 3~hour runs were characterized by ice accretions that 
built up until they restricted the air flow and then broke away as 
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the bond of ice to the engine or the carburetor parts ^vas loosened 
by rr^elting. The air flov; in such cases increased almost to its 
original value and then began to drop; after several such cycles, 
the trend v/as unmistakably do^vnward. 

The region of icing affecting engine operation within 1^ minutes 
lies below the lowest limiting-conditions curve in figure 11. The 
highest temperature reached by the limiting-conditions curve of 
icing affecting engine operation was o^^ F. This region extended to 
relative humidities as low as 60 percent-. 

In the tests performed at simulated rated-power conditions, it 
was observed from the plot of the data (fig. 12) that, within the 
range of experimental error, no icing affecting engine operation 
occurred at relative humidities belov; 100 percent. The maximiim tem- 
perature at which icing affected engine operation within ^ minutes 
v;as about 70^ F. 



Heated-Air De-icing Tests 

The results of the hc^ated-air de-icing tests are presented in 
table II and in figures 13 to l6. Typical icing curves showing the 
reduction in air flow and the variation of fu.-'.l-air ratio with time 
dijiring the icing process are shovm vdth the curves of do-icing time 
history in figures 17 to 20. 

Criterion and measure of de-icing effectiveness. - The criterion 
of de-icing effectiveness was chosen as th^ time required to attain 
9^ percent of the maximum air flov/ recovered. The maximum recovered 
air flow was taken as the air flow after de-icing was completed. In 
some of the runs, ice remaining in the induction system prevented 
full recovery of air flov^ within the arbitrary 5-minute test period 
and these runs have therefore been disregarded. 

The temperature most significant in considering the de-icing 
effectiveness of air is the wet-bulb temperature because the heat 
transfer to the ice takes place through a water interface. The time 
required to recover 9^ percent of the maxim'jm recovered air flow 
v/ith heated air of varying temperature and relative humidity has 
therefore been plotted against the wet-bulb temperature of the air. 

Variation of de-icing time with v:et-bulb temperat^ore . - All the 
results of the tests in which no free -water vi-as injected (series A, 
D, E, and B in figs« 13, ih, l'^, and l6, respectively) indicate a 
rapid decrease in time required for de-icing as the wet-bulb temper- 
ature was increased to values botv^een 70^ F and 90^ F and only a 
slight decrease in de-icing time for higher wet-bulb temperatures. 
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The results of injectinp; 2^0 grans of water per minute during 
de-icine: to simulate froe-water injection through leaky alternate 
hot-air intakes on airplanes (series G tests) have been plotted Vv-ith 
those of the series A tests in figure 13 • Exceot for the injection 
of free water, these two series of tests were made under similar 
test conditions. For air, the wet-bulb temperature is a function of 
the enthalpy (beat content in Btu/lb) and the injection of 2^;o grams 
of water per minute increased the enthalpy of the de-icing air by 
only l.U Btu per po^md. This increase in enthalpy is equivalent to 
a wet-bulb temperature rise amo'onting to only 2^ ? for a wat-bulb 
temperature of 6";^^ F and to only 1^ F for a wet-bulb temperature of 
90^ F. Thus the results indicate that the injection of small amounts 
of free water during the do-icing process does not affect the recovery 
tim.e within the limits of observational error. The values of enthalpy 
used in this report were taken from reference ^« 

Effect of character and location of the ice on de-icing time. - 
Results of the de-icing tests performed with an initial air-flov/ rate 
of UOOO poionds per hour have been clotted in figures 15 and lU* 
These curves are disbimilar because the icing conditions of series A 
(fig. 13) produced an evaporation-ice formation that almost com- 
pletely filled the air passa^^e below tee carbi'retor, whereas the low- 
temperature runs of series D (figo lU) produced an imoact-icing con- 
dition that coated the upper sui^Caces ef the carburetor with a i/nin 
film of ice. The difference in the shapes of the curves in fig- 
ures 1^' and 16, which show the results of the de-icing tests at an 
initial air-Z'low rate of 7000 pounds per hour, is attributable to a 
similar difference in the locations and types of ice formation. 

Ef fg^ct of air- flow r ate on de-icir:g time. - From a com.parison 
of the r^.'Sults obtained from removing the impact ice formed at two 
different air-flow rates in series D and E (figs, ll and 1^, respec- 
tively), it is noted that the curves are similar in snape and magni- 
tude of values. The similarity probably results from the rapid 
melting and blowing av^^ay of the small imoact-ice formations covering 
the throttle openings, which permitted the air-flow rate to recover 
to the normal value determined by the throttle setting; thus, for 
this tyr^e of ice formation, de-icing time was not affected by throt- 
tle opening* 

The rosu-lts given by the tests of series and 3 (figs. 15 and 
16, respectively) shcv; c^.irves of similar shape. Comparison of the 
valu^-^s of points on thn curves sb.ows that it required a longer time 
to restore an air flov/ of 7000 pounds per hour than to restore one 
of UOOO pounds per liour at the same wet-bulb temperature. The dif- 
ference between the recover}^ times is believed to be due to the fact 
that the ice formed in the serins A and 3 tests was of the evapora- 
tion type and almost completoly filled the air passage, in such an 
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event, the amount of air flow restored woald dfipend on the quantity 
of ice Tielted out; hence, for equal v/et-bulb temperatures, the time 
for restoration of the air-flow rate of 7000 pounds per hour would 
be greater than the time required to restore the smaller air-flow 
rate. 

Recovery of fuel-air ratio. - The time required for recovery of 
the initial fuel-air ratio (as measured) somewhat lagged the air- 
flow recovery in the various tests. It is believed that these lags 
were caused by slow response of the rotameters used for measuring 
the fuel flow and that actually little or no difference existed 
between the air-f lov/-rate and the fuel-air-ratio recovery times. 

The fuel-air ratio at the time of 95 percent maximum air-flovf- 
rate recovery was generally richer than the fuel-air ratio at the 
start of each test (see table II) and deviated from the initial 
value by as much as 10 percent in many cases. The deviations might 
have occurred for one or more of the following reasons: 

1. Errors and lag were inherent in the carburetor-temperature 
compensator. 

2. Water might have entered the carburetor temperature- 
compensating unit daring the icing portion of the tests and prevented 
full temperature com.pensation v/hen the de-icing air vms turned on. 

3. Differences in calioration errors between the orifices 
measuring cold-air and hot-air flov/ could cause differences in the 
computed fuel-air ratios. 

Changes in air-flow distribution due to the use of alternate 
duct systems might have influenced carburetor metering. 

Basis for rating aircraft induction-air heaters. - Aircraft 
induction-air heaters hav-.' generally been rated on the oasis of rise 
in dry -bulb temperature; the nature of the r-zsults of all the de-icing 
tests indicates, however, that the v/et-bulb temperature of the heated 
air governs de-icing effectiveness. The wet-bulb temperature rise 
may be determined without the use of actual v/et-bulb thermometers by 
first computing the Btu rise (enthalpy increase) of the heater. For 
any given condition oT air ent-^ring the heater, thc^ inlet enthaloy 
can then be determined by reference to a psychrometric table or chart 
and the enthalpj^^ of the air leaving the heater v;ill be the sum of 
the inlet-air enthalpy and the enthalpy increase supplied by the 
heater. Further r--:)ferenco to psychrom.etric data will yield the out- 
let wet-bulb temperature as a function of enthalpy. 
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SUmR.Y OF RESULTS 

The following results are strictly applicable only to the 
Chandler-Evans carb^aretor, moael 1900 CPB-5, mounted on a Pratt & 
Whitney R-I83O-CU intermediate rear enf^ine section operated under 
the test conditions of this program: 

1. The maximum upper limit of carburotor-air temperature at 
which visible icing was observed was 80^ F at any moisture content 
investigated for operation at I7 minutes at simulated cruising con- 
ditions. 

2. The uppT-r carburetor-air temperature for icing affecting 
engine operation was 70*^ F within 3 hours of oporation at sim.ulated 
cruising-pcwer conditions or "vvithin ^ minutes at sir^olated rated 
pov^er • 

3. The lower limit of relative humidity for icing affecting 
engine op-3ration over the range of temperatures investigated was 
about 60 percent for the l^j-minute runs at cruising conditions and 
about 38 percent for the '^--ho^ir runs ai cruising conditions. 

li. Icing affecting en.gine operation within ^ minutes of opera- 
tion at simiiLated rated-oower conditions occurred only for air tem- 
peratures belov^ 70^ F and only for air m.oistare contents equivalent 
to or above saturation. 

5. Protuberances such as the fuel nozzle bar in the carburetor 
and the turning vanes at the entrance to tlie supercharger section 
v^ere lodging Places for most of the ice formations. 

6. The time necessary to r-store the air flow by m.eans of 
heated air after the induction system had been partly blocked with 
ice decreased v/ith increased wet-bulb temperature of the heated air. 

7. The injection of free v/ater at rates up to 2^0 gram.s per 
minute during de-icing had no effect on the time for restoration of 
9^ percent of the maximum recovered air flew at simulated cruising 
conditions when the ice formed at a carburetor-air tem.per uture of 
liO^ F. 

8. The optim.um v/et-bulb temperature for restoring air flow was 
found to be between 70^ F and 90^ F for all conditions of icing 
investigated. 
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9* The fuel-air ratio remained within 10 percent of the cali- 
brated value under all icing conditions except impact-icing conditions 
and was restored by the application of heated air as rapidly as the 
air flov/ within the limits of observational error. 



Aircraft Engine Research Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio. 
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TABLE I - RESULTS OF 



LIMITING-ICINC-CONDITTON TESTS OF CHANDLER-EVANS 1900 CPB-3 CARBURETOR MOUNTED ON 
^ PRATT & WHITNEY R-1830-C4 INTEPMEDIATE REAR ENGINE SECTION 



1> 
O 



Run 



Carburetor air 



Dry-bulb 
temper- 
ature 
(°F) 



Wet-bulb 
temper- 
ature 
{°F) 



Moisture content 



Relative 
humldl ty 
( percent ) 



Free 
water 

( grama/ 
mln) 



Absolute 
nol3 ture 
content 
(lb/lb of 
dry air) 



Enthalpy 
CBtu/lb) 



Air flow 



Inl tlal 
(IbAr) 



Minimum 
(IbAr) 



Initial 

fuol-alr 

ratio 



Effect 
(a) 



Length 
of run 
(rain) 



Remarks 



1 


20 


17 


56 


2 


25 


21 


50 


3 


2b 


25 


100 


4 


2 5 


20 


38 


5 


25 


22.5 


70 


6 


32 


29.5 


74 


7 


32 


32 


100 


8 


35 


35 


100 


9 


40 


34 


53 


10 


40 


37.5 


80 


11 


50 


43.5 


60 


12 


50 


35 


12 


13 


30 


27 


68 


14 


35 


32.3 


75 


15 


40 


36 


68 


16 


50 


44.5 


65 


17 


60 


51.6 


56 


19 


60 


54.5 


70 


20 


60 


57 


84 


21 


30 


28 


78 


22 


60 


60 


100 


23 


60 


60 




24 


60 


60 




25 


60 


60 




26 


55 


52 


82 


27 


53 


49 


75 


28 


53 


51 


88 


31 


20 


20 


100 


32 


20 


19 


85 



Series I (cruising power) - Initial condition: air flow, 4000 Ib/hr; fuel-air ratio, 0.070 



50 
75 
125 



0.0013 

.0014 

.0028 
.0012 

.0020 
.0029 

.0037 
.0043 

.0027 

.0041 

.0046 

. 00092 

.0023 

.0032 

.0036 

.0050 
.0062 
.0079 
.0093 
.0028 

.0111 
.0127 
.0135 
.0151 

.0076 
.0065 

.0075 
.0021 

.0019 



6.1 

7.4 

6.9 
7.1 

8.9 
10.7 

11.7 
15.0 

12.6 

14.0 

16.9 

13.0 

9.7 

11.9 

13.4 

17.4 
21.1 
22.9 
24.4 
10.1 

26.4 
26.7 
26.8 
27.1 

21.4 
19.7 

20.8 
7.1 



4200 

4000 

4000 
4000 

4000 
4040 

4040 

4020 

4000 

4000 

3970 

3960 

4020 

4020 

4000 

4020 
3980 
3970 
3970 
4060 

3980 
3980 
4000 
4000 

4000 
4000 

4000 
4020 

4020 



4140 

4000 

3880 
4000 

4000 
4040 

3920 
3920 

4000 

3000 

3920 

3920 

4020 

3900 

3900 

3940 
394 0 
3940 
3940 
3920 

3940 

3910 
3920 
3910 

3960 
3980 

3900 
3950 

3950 



D.064 

.069 

.070 
.069 

.069 
.069 

.068 
.070 

.070 

.070 

.070 

.071 

.070 

.070 

.070 

.070 
.071 
.071 
.071 
.069 

.070 
.074 
.070 
.070 

.070 
.071 

.070 
.071 

.070 



1 

2 

1 
2 

2 

2 

1 
1 

2 

1 

1 

2 

2 

1 

1 

1 
2 
2 
2 
1 

2 
1 
1 
1 

2 
2 

1 
I 



15 

15 

15 
15 

IS 
15 

15 
15 

15 

15 

15 

15 

15 

15 

15 

15 
15 
15 
15 
15 

15 
15 
15 
15 

15 
15 

15 
15 

15 



Thin scum of Ice on all Interior -surfaces of air passaeo: 

throttles frosted 
Thin coating of Ice on rear of air passage, turning vanes 

coated, lump on right side of vanes 
Thin layer of Ice In rear of air passage 
Slight visible icing on throttle and on air-passaRe 

window 

Slight Icing on turning vanes; throttles frostad 

Ico on throttles and on fuel nozzle bar; rime on turning 

vanes ° 
Ice formed on throttles, fuel nozzle bar, and In air passage 
Ice on turning vanes; prominent formation on bottom of 

throttle plates 
Throttles frosted; ice on under sides of throttles and fuel 

nozzle bar; formation on turning vanes 
Ice on turning vanes; slight icing between throttles and on 

fuel nozzle bar 

Slight icing in upper rear of air passage and on fuel nozzle 

bar; ice on top three turning vanes 
Slight frost at top of adapter; ice on rl^ht-hand turning 

vanes 

Throttles frosted; Ice on under sides of throttles, on nozzle 

bar, turning vanes, and sides of air passage 
Throttles frosted; ice on under aides of throttles, on nozzle 

bar, and turning vanes 
Throttles frosted; ice on under sides of throttles, on nozzle 

bar, and turning vanes 
Throttles frosted; ice on turning vanes 

Slight ice on turning vanes and on top of fuel nozzle bar 
Ice on turning vanes; slight formation on fuel nozzle bar 
Ice at rear of air passage and on turning vanes 
Ice on turning vanes, fuel nozzle bar, and on under sides of 
throttles 

Heavy ice formation on three top turning vanes 
Lump of ice in center of air passage 

Large chunk of ice in center of air passage; ice on turning 
vanes 

Ice on turning vanes 

Ice on upper turning vanes; prominent formation at top rear 

of air passage 
Heavy formation on turning vanes 

Ice formed on lower turning vanes and on under side of 
carburetor 

Formations on bottom of c;arburetor, cn air- passage walls, 
and on turning vanes 



O 

CP 



*1, icing affecting engine operation; 2, visible icing; .3, no viaibla icing 
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TABLE I • RESULTS OP LIMITINO-ICINO-CONDITION TESTS OF CHANDLER-EVANS 1900 CPB-3 CARBURETOR MOUNTED ON 
A PRATT & WHITNEY R- 1830-04 INTERMEDIATE REAR ENOIKE SECTION - Continued 



o 

x> 



c 
o 

CO 



Carburetor air 



Dry-bulb 
temper- 
atura 

(Op) 



Wet-bulb 
temper- 
ature 

(°P) 



Moisture content 



Relative 
humidity 
(percent ) 



Free 
water 
(grama/ 
Bin) 



Absolute 
moisture 
content 
(lb/lb of 
dry air) 



Enthalpy 
(Btu/lb) 



Air flow 



Initial Minimum 
(Ib/hr) (Ib/hr) 



Initial 

fuel-alr 

ratio 



Effect 
la) 



Length 
of run 
(rain) 



Remarke 



Series 1 (cruising power) - Initial condition: air flow, 4000 IbAr; fuel-air ratio, 0.070 - Continued 



33 25 



ti 

67 
68 
69 
70 
71 
72 
73 
74 
75 

78 
94 

96 
96 



45 
45 

55 
50 

45 
45 
45 

52 
58 



58 
63 
63 
60 
57 
58 
55 



58 
55 
58 
35 

55 
40 



70 
75 

?§ 

80 
80 
78 

70 
70 
€7 
65 

ii 

63 
65 
62 
60 



41.5 

42.5 
42 
53 
45 

41 

39 
40 

48 

56 



58 
63 
63 
60 
57 
58 
55 

El 

58 
55 
58 
30 

55 
40 



53 

55.5 

57 

60 

67 

69 

75 

75 

71.5 

70 

70 

67 

65 

61 
65 
62 
60 



82 
79 
88 
68 

71 
58 
65 

75 
89 

94 

100 



54 



40 
30 
26 

SJ 

Ik 

87 
100 



100 

""so" 

89 



250 
500 
750 
500* 
750 
1000 

iiS8 

1^50 
2000 
2250 



2500 
500 



125 
250 



750 
1000 
1500 



0.0021 

.0048 

.0052 
.0050 
.0081 
.0052 

.0045 
.0037 
.0041 

.0062 
. 0092 

.0097 

.0103 
.0206 
.0288 
.0359 
.0265 
.0352 
.0423 
.0520 



.0689 
.0754 
.0850 
.0025 

.0919 
.0217 



.0050 

m 

.0112 
.0130 
.0181 
.0187 
.0166 
.0157 
.0199 
.0284 
.0132 



.0111 
.0379 
.0446 
.0603 



6.2 

15.9 

16.4 
16.1 
22.0 
17.6 

15.7 
14.7 
15.2 



19.2 
23.8 

24.4 

25.1 
29.9 
31.3 
30.6 
27.2 
29.3 
28.7 

lU 

o4.9 
34.2 
37.6 
10.9 

37.0 
18.0 



24.4 
26.4 
31.5 
33.4 
38.5 
38.5 
35.3 
34.0 
34.7 
32.9 
30.0 

P:? 

26.9 
34.1 
33.3 
34.6 



3980 

3980 
3930 
3980 
4020 

4020 
4000 
4040 

3990 
3930 

3980 

3900 
4000 
4000 
4000 
3980 
3980 
4000 

m 

3950 
4000 
3990 
4000 

4000 
4000 



4000 
4000 

1818 

4040 

4060 
4090 

4000 
4040 
3990 
3990 
4020 
4010 

m 

4020 
4020 
4020 
4030 



3930 

3860 
3910 
3920 
3920 

3910 
3900 
39 CO 

3960 
3950 

3950 

3950 
3940 
3960 
3970 
3890 
3950 
3910 

m 

3090 
3860 
3950 
4000 

3910 

1000 

4020 
3960 
39d0 

J8^8 

4040 
4060 
4090 
4000 
4040 
3960 
3990 
4020 
4010 

im 

4020 
4010 
4020 
4030 



0.071 

.070 

.070 
.070 
.071 
.070 

.070 
.070 
.069 

.070 
.070 

.070 

.071 
.070 
.071 
.070 
.071 
.071 
.070 

:8?i 

.071 
.070 
.070 
.071 

.068 
.070 



.071 

:82§ 

,070 
.068 
.069 
.070 
.070 
.070 
.070 
.071 
.070 
.070 



.070 
.070 
.070 
.069 



*1, Icing affecting engine operation; 2, visible Icln^; 3, no visible icing. 



15 
15 
15 
16 

15 
15 
15 

15 
15 



15 
15 
16 
15 
15 
15 
15 

il 

15 
15 
15 
15 

35 
5.4 



15 

II 

15 
15 
15 

ii 

15 
15 
15 
15 

II 

15 
15 
15 
15 



Ice on under side of carburetor, ali% passage wflll«, 

and turning vunea 
Ice on turnlnc vanes; slight formation on under side of 

throttles 

Throttles frosted; slight formation on under side of throttles 
Ice on tuz^ing vanes and walls of air passage 
Heavy ico formation on turning vanes and on air-passage walla 
Sllgiit formation on under aide of throttles and on norcle bar; 

Ice on turning vanes 
Throttles frosted; ice on air-passage walls and turning vanes 
Ice on turning vanes and air-passage walls; throttles frosted 
Ice on turning vanes; heavy formation on under sides of 

throttles 
Turning v«nos coated with Ice 

Heavy ice formation on upper turning vanes especially on left 
side 

Spece between several of the turning vanos almost filled with 

ice: ice on a5r-passace walls 
Turning vanes encrusted with ice; i::e on oirf'-passage walls 
Unstable ice formation malnljr on second turning vane 
Unstable ice formation on top turning vanes 
Glared ice on turning vanes 
Lumps of lC3 jammed against turning vanes 
Large lump of Ice In center of air passage 
Solid lump of ice in front of utiper turning vanes 
Slight Icing on vanes 

Large chunk of Ice in canter of air passage in front of top 

turning vanes 
Chunk or ice in center of air passage 
Heavy Ice formation in front of turning vanes 
Slight Lcins of turning venos; lump In center of air passage 
Coating of ice on turning vanes and alr-passaee walls: 

throttles frosted 
Large chunk of ice in front of turning vanes 
Glazed formation In space in tront of turning vanes choking 

off air passage 

ce on turnlnc v« 

fassage walls 
ight Icing of turning vanes and lleht coating on unjacketei 
part of Qlr passage 
Ice on air-passage walls and a few knobs on turning vanes 
Thin layer of Ice on unjacketed Dortlon of air ssase 
No visible icing - * 

Small ice lumps on turning vanes 
No visible icing 
No visible icing 
No visible icing 
No visible icing 

Slim sliver of ice at bottom edge of adapter 
No visible icing ^ 
No visible icing 



vanes; thin coating on throttles and air- 



Slight ice on turning vunes 
Light formation on turning yants 

Incrustation of ice on turning vanes and on rear wall of air 
passage 

fee on turning vanes and on upper alr-passafe walls 
No visible icing 
Ho visible icing 

Ice in center of air passage and on turning vanes 
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TABLE I - RESULTS OP LIWITING- ICINO-CONDITICN TESTS OF CHANDLER- EVANS 1900 CPB-3 CARBURETOR MOUNTED ON 
A PRATT * WHITNEY R- 1830-04 IWTERMEDIATE REAR ENGINE SECTION - Concluded 



o 



o 

CO 



Cai 


"buretor air 


Dry- bulb 
temper- 
ature 
(°P) 


Wet-bulb 
temper- 
ature 
(°F) 


Moisture content 


Absolute 
mol sture 
content 
(lb/lb of 
dry air) 


Rel atlve 
humidity 
( percent ) 


Free 
water 
(granva/ 
mln ) 



Enthalpy 
(Btu/lb) 



Air flow 










Initial 


Minlmuni 


Initial 


Effect 


Length 




(IbAr) 


(IbAr) 


fuel-air 


(a) 


of run 


Remarks 






ratio 




(mln) 





79 


50 


43 


56 


80 


60 


50 


89 


81 


55 


47.5 


57 


82 


58 


48 


47 


83 


40 


35 


61 


84 


50 


42 


50 


139 


55 


47.5 


57 


140 


60 


50 


49 


141 


65 


52 


40 


142 


70 


55 


37 


143 


60 


48 


40 


144 


70 


60 


56 



Series II (cruising power) - Initial conditions: atr flow^ 4000 Ib/hr; fuel-air ratio, 0.070 



0.0043 
.0099 
.0053 
.0048 
.0031 
.0038 
.0053 

.0054 
.0053 
.0050 
.0044 
.0088 



16.6 

25.1 
18.9 
19.2 
13.0 
16.1 
18.9 

20.3 
21 .4 
23.2 
19.2 
26.4 



4060 
3970 
4020 
3980 
4020 
3980 
4000 

3980 
4090 
4080 
4060 
4 020 



3870 
3840 
3950 
3870 
3860 
3730 
3370 

3500 
3980 
4030 
3980 
3990 



0.069 
.072 
.069 
.071 
.070 
.071 
.071 

.070 
.068 
.069 
.070 
.070 



80 
90 
30 
90 
40 
30 
180 

130 
180 
180 
180 
120 



Ice on turning vanes and on upper rear walls of air passage 
Ice on turning vanes and in rear of air passage 
Ice coated all turning vanes 

Ice on turning vanes and on top sides of throttles 

Ice-coated turning-vane area and upper walls of air passage 

Turnln5-vane area almost closed by Ice formation; thin layer 

on air-passage walls 

Ice built up slowly on turning vanes 

Ice on turning vanes 

Lumps of ice formed on turning vanes 

Ice formations in and around turning vanes 



104 


55 


48 


105 


50 


46.5 


106 


45 


43 


107 


45 


45 


108 


45 


45 


113 


55 


55 


114 


55 


55 


115 


60 


60 


116 


60 


60 


118 


40 


40 


119 


40 


40 


120 


65 


65 


121 


65 


59 


122 


70 


70 


123 


60 


60 


124 


65 


65 


125 


67 


67 


126 


70 


70 


127 


€7 


67 


128 


70 


70 


129 


35 


35 


130 


35 


35 


131 


67 


67 


132 


70 


70 


135 


67 


67 


136 


67 


67 


137 


65 


65 


139 


65 


65 



61 
78 
66 

100 

100 



100 
100 



100 
71 

100 



100 



Series III (rated power) - Initial conditions: air flow, 7000 Ib/hr; fuel-air ratio, 0.101 



50 
50 



50 
50 



125 
L25 
50 
50 
250 
375 



60 
500 
625 
750 
1000 
1250 
1500 



0»0055 


1.9.2 


7110 


7070 


0.102 


2 


5 


.0059 


18.4 


7060 


7060 


.103 


2 


5 


.0054 


16.6 


7090 


7060 


.103 


2 


5 


.0063 


17.6 


7110 


7070 


.103 


2 


5 


.0073 


17.8 


7090 


6960 


.102 


1 


5 


.0092 


23.2 


6960 


6930 


.099 


2 


5 


.0102 


23.4 


6920 


6830 


.100 


1 


5 


.0110 


26.4 


6910 


6860 


.100 


1 


5 


.0120 


26.6 


6920 


6830 


.100 


1 


5 


.0052 


15.2 


6780 


6780 


.100 


2 


5 


.0062 


15.4 


6910 


6810 


,100 


1 


5 


.0132 


30.0 


6960 


6890 


.100 


1 


6 


.0093 


25.7 


6980 


6960 


.101 


3 


5 


.0157 


34.0 


6970 


6940 


.101 


3 


5 


.0134 


26.0 


7000 


6670 


.099 


1 


5 


.0156 


30.4 


6970 


6660 


.100 


1 


5 


.0152 


31.7 


6950 


6890 


.101 


1 


5 


.0167 


34.2 


6900 


6900 


.100 


3 


5 


.0190 


32.3 


6910 


6760 


.100 


1 


5 


.0227 


35.2 


7050 


7050 


.101 


3 


5 


.0043 


13.0 


6690 


6890 


.099 


2 


5 


.0052 


13.2 


7030 


6800 


.100 


1 


5 


.0237 


33.1 


6980 


6910 


.101 


1 


5 


.0276 


36.0 


6960 


6960 


.102 


3 


5 


.0285 


33.9 


6940 


6910 


.101 


2 


5 


.0334 


34.7 


6890 


6870 


.101 


2 


6 


.0371 


34 .0 


6920 


6540 


.101 


1 


5 


.0422 


34 .8 


6850 


6850 


.101 


3 


5 



Ice-covered observation window 
Observation window frosted on inside 

Slight icing on turning vanes; frost on bottom of air 
passage 

Ice on air-passage walls eu-id on turning vanes 

Film of ice on observation window 
Ice on turning vanes 
Ice on turning vanes 
Ice on turning vanes 

Ice on rear wall of air passage and on turning vanes 

Ide obscured window 

Thin layer of ice on turning vanes 

No visible Icing 

No visible iQlng 

Ice on turning vanes 

Ice-blocked turning vanes 

Lump of Ice formed in center of air passage 
No visible icing 

Chunks of ice in front of turning vanes 
No V islble icing 

Ice-coated air-passage walls and turning vanes 

Ice on air-passage walls and turning vanes 

Lujnps of Jce in front of turning vanes 

No vl sible 1 clng 

Ice between turning vanes 

Ice chunks in front of turning vanes 

Ice between turning vanes 

No visible Icing 



o 



I, icing affecting engine operation; 2, visible Icing; 3, ao vl»lble icing. 
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NACA ARR E4J03 Table 2 

TABLE. H. - RESULTS OF HEATED- AIR DE-ICING TESTS ON A CHANDLER-EVANS 1900 CPB-5 CARBURETOR MOUNTED ON 
A PRATT 4 WHITNEY R-1830-C4 REAR EWOINE SECTIOH 
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De-icing air 


at carburetor 


95- percent 
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Fuel-air 
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air flow 


Wet-bulb 
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humidity 
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recovery 
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( percent ) 
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( Ib/hr ) 






(°P) 
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Series A (cruising power) • 


' Initial Icing conditions: air flow at 40° P, 


4000 Ib/Kr; fuel-air ratio, 0.070; 


water injection 


500 g/mln 
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11 
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90 
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.2 
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Series B (rated 


power) - Initial icing conditions 


uir flow 


at 40° F, 7000 Ib/hr; fuel-air ratio, ( 


).100; 


water 


Injection, 


500 g/mln 
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Initial icing conditions: uir fl 


ow at 40° P, 
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injection. 
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(During this series of runs, 250 
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power) - Initial icing conditions: 
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air ratio, 0.100; 
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Cold air 




Figure 1 . - Schematic diagram of inductio 




A Air-temperature control thermostat 

B Slide valve 

C Removable plug for additional 
temperature control 

D Ai r-teznpe rat ure control valve 

E Manually operated butterfly valve 

F Air heater 

G Carburetor-air-temperature station 

H Illuminating window 

J Observation windows 

K Water sprays 

L Thermometer bulb for air thermostat 

M Pressure stations 

N Carburetor 

P Water rotameter 

Q Fuel nozzle bar 

R Steam jackets (case heaters-) 

S Air passage 

T Turning vanes 

U Steam nozzle 

V Steam lines to case heaters 

W Air-flow measuring orifice 
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-icing test apparatus. 



To hot-air-temperaturo 
control valves, (D) 



Room air 



To cold-air- 
temperature ^ 
control valve 
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00 




Hot-air-temperature control thermostat 
Blower for bypassed heated air 
Cold-air-temperature control thermostat 
Hot-air-temperature control valves 
Bypass slide valve (open position) 
Illuminating window 
Observation windows 

Temperature stations (wet and dry bulb) 
Slide valve (open position) 
Thermometer bulb for cold-air thermostat 
Water sprays 
Pressure stations 
Water rotameter 
Air heaters 
Mixing chamber 
Steam nozzle 

Heated-air-flow measuring orifice 
Mixing vanes 

Thermometer bulb for hot-air thermostat 
Slide valve (closed position) 
Flapper valve (cold-air position) 
Carburetor 
Fuel nozzle bar 
Air passage 
Turning vanes 

Steam lines to case heaters 
Cold-air-flow measuring orifice 
Carburetor air-temperature station 
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Figure 2. - Schematic diagram of induction-system heated-air de-icing test apparatus, 
shown in position for initial icing. 
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Figure 3. -Comparison of A.S.T.M. fuel-dlstil] atlon curve 
for the fuel used in the Icing tests with that of an 
AN-P-28 fuel. 



NACA ARR No. E^iJOS 



Figure 4 




Figure 4. - Visible icing in engine-air passage not affect- 
ing engine operation. Carburetor-air temperature, 
35 P; relative humidity, 54 percent; initial 
air-flow rate, 4000 pounds per hour; initial fuel- 
air ratio, 0.07 I 
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Figure 5atb 




(a) Ice in engine-air passage. 




(b) Bottom view of carburetor. 

Figure 5. - Icing affecting engine operation. Carburetor- 
air temperature, 40*" F; water-injection rate, 
500 grams per minute; initial air- flow rate, 
4000 pounds per hour; initial fuel-air 
ratio, 0.070. 
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Figure 6. - Turning-vane ice affecting engine operation. 

Carburetor-air temperature, 32* F; relative 
humidity, 100 percent; initial air-flow rate, 
4040 pounds per hour; initial fuel-air 
ratio, 0.068. 




Figure 7. - Ice lump lodged in air passage affecting engine 
operation. Carburetor-air temperature, 60"* F; 
water-injection rate, 125 grams per minute; 
initial air-flovr rate, 4000 pounds per hour; 
initial fuel-air ratio, 0.070. 




Figure 8* - Carburetor- metering characteristics. Chandler-Evans carburetor model 
1900 CPB-3, serial no^ 1306. ' 
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Figure 9. - Effect of Icing on air flow and carburetor metering at simulated cruising 
power. Series I tests. 
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Figure la - Effect of icing on air flow and carburetor metering at simulated rated 
power. Series III tests and run 70 of heated-air de-icing tests. 
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Figure 11. - Limiting Icing conditions at simulated cruising power. Chandler- Evans carburetor, model 
1900 CPB-3; Pratt and Whitney R-1830-C4 Intermediate rear engine section; Initial air- flow rate, 
4000 pounds per hour; Initial fuel-air ratio, 0.070; series I and II. The width of the red band 
designates the possible variation In the limiting conditions. 
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Water content, lb/lb dry air 

Figure 12* - Limiting icing conditions at simialated rated power. Chandler-Evans carburetor, model 
1900 CPB-3; Pratt and Whitney R-1830-C4 intermediate rear engine section; initial air-flow rate^ 
7000 pounds per hour; initial fuel-air ratio, 0.100: series III. The width of the red band desig- 
nates the possible variation in the limiting conditions. 
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Fig. 13 
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Figure 13. - Effect of wet-bulb temperature on air-flow-recovery 
time, series A and C, simulated cruising power. Initial condi- 
tions: air-flow rate, 4000 pounds per hour; carburetor-air 
temperature, 40^ F; fuel-air ratio, 0.070; water-injection rate 
during icing, 500 grams per minute. 
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Figure 14. - Effect of wet-bulb temperature on air- flow-recovery 
time, series D, simulated cruising power. Initial conditions: 
air-flow rate, 4000 pounds per hour; carburetor-air temperature, 
25 P; fuel-air ratio, 0.070; water-injection rate, 250* grams 
per minute during icing only. 
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Wet-bulb temperature, op 

Figure 16. - Effect of wet-bulb temperature on air-flow-recovery 
time, series E, simulated rated power. Initial conditions: 
air-flow rate, 7000 pounds per hour; carburetor-air temperature, 
25^ P; fue*l-air ratio, 0.100; water-injection rate, 400 grams 
per minute during icing only. 



NACA ARR E<iJ03 



Fig. 16 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 










MM 






III! 


f ; T r* 




































i 1 i 1 
































































































1111 






























1111 


































































- 






4 


































































0 






















1 1 1 1 ' 










L 
































































v 
































1 
































4 
































\ 






















































MM 










c 
























































TTTT 












c 


)^ 
















1111 


'nil 


ill! 


1 1 1 1 


Mil 


i.i-i i 


1 1 1 1 


1 i i 1 


1 1 1 1 


1 1.1 L 


1 1 1 i 


i U i 


nil 


till 


1111 


ill! 


1 1 1 l' 



50 60 70 80 90 100 110 120 130 

Wet-bulb temperature, 

Figure 16. - Effect of wet-bulb temperature on air-flow-recovery 
time, series B, simulated rated power. Initial conditions: air- 
flow rate, 7000 pounds per hour; carburetor-air temperature, 
40^ F; fuel-air ratio, 0.100; water-injection rate, 500 grams 
per minute during icing only. 
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Fig. 17 
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Figure 17. - Time history of de-icing by means of heated air, simu- 
lated cruising power, series A. Initial conditions: air-flow 
rate, 4000 pounds per hour; fuel-air ratio, 0,070; carburetor-air 
temperature, 40° F; we ter-in Jection rate, 500 grams per minute 
during icing only. 
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Fig. 18 
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Figure 18. - Time history of de-icing by means of heated air, simu- 
lated rated power, series B. Initial conditions: air-flow 
rate, 7000 pounds per hour; fuel-air ratio, 0.100; carburetor-air 
temperature, 40^ t] water-injection rate, 500 grams per minute 
during icing only. 
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Figure 19. - Time history of de-icing by means of heated air, simu- 
lated cruising power, series D. Initial conditions: air-flow 
rate, 4000 pounds per hour; fue]-air ratio, 0.070; carburetor-air 
temperature, 25^ F; water-injection rate, 250 grams per minute 
during icing only. 
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Fig. 20 
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Figure 20. - Time history of de-icing by means of heated air, simu- 
lated rated power, series E. Initial conditions: air-flow rate, 
7000 pounds per hour; fuel-air ratio, 0.100; carburetor-air 
temperature, 25^ F; water-injection rate, 400 grams per minute 
during Icing only. 



